Moisture Production rate (MP) from animals and their housing components provide fundamental data for the engineering design of a building environmental control system. MP of a commercial laying hen house with manure belt and tunnel ventilation was measured for a one-year period. The MP values included both latent heat loss of the birds and evaporation of moisture from the feces on manure belt. During the one-year measurement period, MP varied from 1.57 to 11.74 g H2O h -1 kg -1 with housing temperature ranging from 18 to 32 o C. Regression equations were established to predict MP of the commercial layer house over common ranges of outside temperature (-17 to 29 o C), RH (30% to 98%), inside temperature (18-32 o C), age condition (20-42 wk and 97-119 wk) and lighting condition (light or dark). Results from this study provide new data for updated standards to be used in design and operation of laying hen houses.
INTRODUCTION
Determination of minimum ventilation rate under cold weather generally relies on moisture production rate (MP) data. The International Commission of Agricultural Engineering (CIGR 1999) published equations for calculating MP of laying hen based on room temperature and body mass. ASAE EP270. 5 (2003) uses MP data derived by Ota (1961) for MP estimations at different room temperatures. House management practices, genetics, and ventilation systems have all evolved considerably since then and all the operating parameters may affect MP of the bird. Magnitude of MP from the environment is affected by MP at house level includes MP at animal level and MP from the surroundings factors such as flooring system, stocking density, watering system moisture content of the feed and feeding system, animal activity, and relative humidity (RH) (CIGR 1999) . The theory of thermodynamics shows that water-vapor pressure differences rather than temperature differences govern latent heat transfer. Xin et al. (2001) found that MP in modern broiler houses was less than that previously reported in the literature, likely resulting from use of nipple drinkers as compared to open-surface (trough) waters. MP of pullets to layers at animal level and room level for modern commercial breeds has been measured by Chepet et al. (2004) through calorimetoric studies, providing updated information for minimum ventilation design of modern laying hen housing. Measurement of MP for laying hen under commercial production conditions will enhance the knowledge of actual MP of the housing system and allow for a more efficient design and operation of ventilation systems to control moisture levels inside the houses.
The objectives of this study were 1) to determine MP of modern laying hens in a commercial house with manure belt; 2) to compare the results of this study with those currently available in the literatures; 3) to develop a best regression model to depict the relationship of MP to environmental conditions.
MATERIALS AND METHODS

Laying Hen House Monitored
A manure belt laying hen house owned by a cooperative egg producer located in north central Iowa was used in the study. The layer house had an east-west orientation and a dimension of 18 m wide×159 m long. The house had an insulated wood-frame construction, with plywood interior, metal cladding exterior and a concrete floor. It used a quasi-tunnel ventilation system that consisted of 13, 1.2-m diameter exhaust fans and two 0.9-m diameter exhaust fans in each end-wall and two rows of continuous slot ceiling inlets (4.5 m interior from each sidewall) controlled by static pressure set at 17 Pa ( fig. 1 ). The ventilation fans were cleaned weekly with compressed air. The exhaust fans at each end were grouped in pairs that were controlled, in eight stages, according to the mean house temperature near the middle of the house. One (minimum ventilation fan) of the 0.9-m fans at each end operated continuously. The battery cages were arranged in eight cage rows, with three tiers per cage row.
Production Management
Bird feces fell directly onto the belt underneath the cages and were conveyed to the west end of the house each morning, dumped onto a cross-conveyor and transported outside to a manure transport truck. The set points of house temperature were 24.4, 25, 25, 25.6, 25.6, 26.1, 26. 1 and 26.7 o C for the eight fan stages. At the onset of the monitoring study in Jan. 2003, there were 98,000 Hy-Line W-36 hens at 97 weeks of age. A replacement flock of 100,000 W-36 hens at 20 weeks of age was introduced into the house in July 2003 (Table 1) . Photoperiod remained 16L:8D during the monitoring period for the first flock; but it started at 12L:12D and was increased by 30 minutes per week until it reached 16L:8D for the replacement flock. The average body weight for the two flocks was 1.51 and 1.40 kg, respectively. Ad-lib feed was provided with an automatic feed delivery system, and standard commercial egg industry diets were used. Nipple drinkers were used. Eggs were collected with a conveyor belt for each deck of cages.
Measurement of Environmental and Production Variables
The instrumentation and data acquisition systems described by Li et al (2004) were used to monitor the physical parameters, including dry-bulb temperature, RH, and ventilation rate. Table 1 summarizes MP and the associated environmental conditions and production stages for the layer house.
RESULTS AND DISCUSSION
MP under Cold Weather Conditions
No strong linear trend was apparent between MP and any of the tested variables for both flocks ( Table 2, Regression Modeling MP in the house results from both bird respiration and evaporation of feces. MP is influenced not only by house temperature (ASAE 2003, CIGR 1999) but also by other parameters, such as ventilation rate and properties of the inlet air. For a given BVR, drier incoming air would pick up moisture the feces surface at a faster and higher rate due to greater vapor pressure deficit (VPD). Based on the mechanism of moisture transport, the following parameters were selected for development of regression models: inside dry-bulb temperature (T i ) and RH (RH i ), outside drybulb temperature (T o ) and RH (RH o ), inside and outside water vapor pressure (P wi , P wo) and water vapor pressure deficit (VPD). JMP and SAS (SAS Institute Inc. Cary, NC) software was used for the variable selection and model development. For both flocks, non-linear patterns were found between MP and each of the environmental variables, suggesting the need of certain transformation of the data. With a natural log transformation, Ln(MP) showed better linearity with the variables. Multivariate scatterplot matrixes of the data were drawn for both flocks, respectively ( fig. 2) . The correlation matrix is presented in Table 2 . The best model was selected by the SAS Proc reg AIC CP RMSE. Those explanatory variables with strong linear correlations (multicollinearity) should be avoided to appear together. Several variable combinations, having the smallest RMSE (root mean square error) and large R 2 , were selected for further testing of the significance by using SAS routine Proc glm, which provided the significance level (p-value) for each variable in the general linear regression. Then a regression model including T i and VPD o was selected for the best fit. Because of the significant reduction in MP from light to dark period (Table 1) figure 5 . It should be noted that when T i begins to rise with T o , the primary function of ventilation will be shifted from moisture control to air temperature control.
Effects of Lighting on MP
Under light condition (Lighting =1) (Table 3) , Exp(0.1036*1) =1.11 and Exp(0.1325*1) =1.14, indicating that MP would increase to 111% and 114% of that in darkness for the younger and the older flock, respectively. This predicted light-dark effect was different from that under the cold conditions of 15% and 19.8% reduction, presumably due to a greater contribution of MP from evaporation of the feces at the mild condition.
With regression equation 2 and the data from Table 3 , relationships between observed MP and predicted MP are shown in figure 6 . 
CONCLUSIONS
Moisture production rate (MP) of a modern commercial laying hen house with manure belt and tunnel-ventilation was quantified from two age flocks during a one-year period. The following conclusions were drawn from this field study.
• MP remains relatively constant when inside air temperature (T i ) is below 22°C, and increases with T i above that. MP is rather independent of water vapor pressure deficit of the inlet air during cold weather (i.e., at outside temperature <5 o C).
• Regression equations were established to predict MP of the commercial layer house over common ranges of outside temperature (-17 to 29 o C), RH (30% to 98%), T i (18-32 o C), age condition (20-42 wk and 97-119 wk) and lighting condition (light or dark).
• MP tends to be affected by flock age, with MP of the 97-119 wk flock being 26% lower than that of the 20-42 wk flock under the housing conditions encountered in this study.
• Switching from light or darkness causes significant reduction in MP, 15% to 20% in this case.
• MP data of the tunnel-ventilated layer house with manure belt provide new information for updated standards for design and operation of laying hen houses. 
